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Abst ract - -A  combined random number generator by Wichmann and Hill is studied in this note. 
Statistical and numerical computations show that a good initial value for this generator is not so 
easy to obtain, and hence the use of such generator seems dubious. ~) 2005 Elsevier Ltd. All rights 
reserved. 
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A combined pseudo-random number generator is discussed in [1]. Let 
mi -- 171mi_1 (mod 30269), mo - given, 
m~ = 172m~_ 1 (mod 30307), m~-  given, 
m i" -- 170m~'_ 1 (mod 30323), m 0'' - given. 
' and " The sequences mi, m~, ms, can be easily computed in parallel. Define 
I mi m i , m;, 
u~= 30-0~ + 3-6-~ + 30-0-~ j ,  
where {a} denotes the fraction part of a. Hence ui can be used as pseudo-random numbers. The 
length of the period of the sequence is proved to be about 6.9 x 1012. This RNG is so simple and 
efficient hat it suits for personal computers. 
This algorithm is originally proposed by Wichmann and Hill [2]. It is recommended by the 
authors that the initial values (m0, m~, m~') can be chosen randomly. Sobol and Levitan pointed 
out that the initial values have to be chosen carefully instead of randomly [1]. This conclusion is 
drawn with a set of X 2 tests. However, we find that only upper one-sided tests were used in [1]. 
Because very large values of X 2 are likewise so scarce that two-sided tests are suggested in [3]. In 
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this note, we give the results of lower side tests as a complement of [1]. Our computational results 
show that the two-sided tests are essential. For example, the set of initial value (5, 11, 17), which 
is recommended in [1] using one-sided tests, can not pass the two-sided tests very well. New sets 
of recommended initial values are found and suggested through large amount of computations. 
This also shows that a good initial value for Wichmann-Hil l  generator is not so easy to find, and 
hence, the use of such generator seems dubious. 
All tests used here are designed the same as that of [1]. Let 
~ cx~ P = g,~ (x) dx. 
2 
Here, the P (0 < P < 1) are called quantiles, and ~,~(x) is the probabil ity density X 2 with 
m degrees of freedom. Large values of X 2 correspond to small values of P. Small values of X 2 
correspond to large values of P. Both too small and too large values of P indicate that the 
experimental data contradict the uniformity hypothesis in [1]. The lengths of tested sequences 
are always set as N -- 600 × 2 s and s = 0, 1, • • • , 14. Table 1 contains the X 2 quantiles for the 
tests. 
Table 1. X 2 quantiles. 
Test Number 1 2 3 4 5 
P = 0.99 5.23 39.9 90.5 206 0.297 
P = 0.95 7.26 45.7 99.3 219 0.711 
P = 0.90 8.55 49.1 104 227 1.06 
P ~ 0.10 22.3 77.7 145 284 7.78 
P = 0.05 25.0 82.5 151 293 9.49 
P = 0.01 30.6 92.0 163 310 13.28 
The criteria values that are given by the smallest values of X 2 obtained for all considered 
sections are showed in Table 2. The initial values used in Table 2 are the same as that of [1]. In 
our tests, the significance l vel is set to be 0.10, so 0.05 < P < 0.95 will be accepted. Results 
that do not locate in the range are written in boldface. From the results of Table 2, one can 
see that there are two boldface values for triplet (5, 11, 17), so, it is not very good as an initial 
value. In fact, the other two good triplets (5, 17, 11), (5, 19, 31) recommended in [1], also get 
four and three small criteria values below the 95% level respectively, which aren't very good. 
No.  
1 
2 
3 
4 
5 
6 
7 
Table 2. Criteria values (for initial values used in [1]). 
,no m~ my ¢1 ~2 ¢3 ~4 ~5 
3 1 2 8.09 34.9 113 213 0.251 
5 i i  17 8,83 48.6 102 211 0.493 
1 2 3 6.01 46.2 104 219 0.837 
5 19 31 9.40 40.1 89.2 230 0.247 
2 3 i 6.10 51.7 110 225 1.35 
37 23 41 8.75 40.7 94.2 213 0.442 
17 5 11 9.40 52.2 93.1 225 0.433 
We computed 1000 different riplets of initial values which were generated at random. Only 
three sets among them can pass all the two-sided tests. This indicates that a set of good initial 
values are not so easy to obtain, which confirms the conclusion of [1] further. Results of their 
statistical tests are given in Table 3. 
Our statistical and numerical computations show that the randomly chosen initial val- 
ues (m0, m~, m~), as recommended by the authors of [2], can hardly work in practice. In fact, a 
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Table 3. Criteria values for three good initial values. 
m0 m~ my ~1 ~2 (I,s ~4 ~5 
4 5 5 
9 1 6 
47 13 43 
(x~)  23.4 82.2 149 278 8.74 max 
O<s<14 
rain (X~) 8.47 47.3 100 243 0.749 
• o~la  
(x~)  22.7 72.9 145 288 7.04 max 
O<s<14 
min (X~) 7.30 49.5 103 233 0.713 
• 0~s£14 
(x~)  20.7 77.0 148 288 9.10 max 
O<s<14 
min (X~) 9.17 46.6 103 239 0.722 
• 0~s~14 
good initial value for Wichmann-Hil l  generator is not easy to obtain. Hence, the use of such gen- 
erator seems dubious, which also supports the finding of [4]. Better methods are available, even 
for PCs with only 16bits [5]. Among linear type generators, Matsumoto's twisted generalized 
feedback register generators stand out [6]. 
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